A total of 5,137 enterobacterial clinical isolates were examined with three series of biochemical tests. The data were analyzed with respect to the use of economical and practical procedures for the accurate identification of lactose-fermenting and -nonfermenting Enterobacteriaceae within 24 hr after isolation.
enterobacterial isolates within 24 hr after isolation.
MATERIALS AND METHODS
A total of 5, 137 Enterobacteriaceae from various clinical sources were isolated on blood-agar (Casman's base, Difco; 5% added sheep blood), chocolatized blood-agar, MacConkey agar (with crystal violet; Fisher Scientific Co.), or Salmonella-Shigella agar (Difco), during the period of January 1969 through January 1970.
The isolates were processed as follows. The top portion of a single, well-isolated colony was inoculated into tubes containing 2.5 ml of Trypticase Soy Broth (TSB; BBL). After incubation for 3 to 5 hr at 35 C, the growth was inoculated into sets of media and substrates (Table 1) , including Kligler iron agar (Difco) for NLF organisms, which wcre incubated at 35 C overnight. Sectors of MacConkey agar without crystal violet (Difco; Y plates) were streaked for control purposes. Gelatin strips were added to the remainder of the original growth in TSB. Swarming Proteeae were examined for motility, H2S, indole, and ornithine decarboxylase (Table 1) . Enteropathogenic Escherichia coli isolates were subcultured to blood-agar after preliminary serological screening, tested for indole, and serotyped for confirmation. Stool NLF isolates were inoculated into Kligler iron agar and urea-agar, after which suspected enteric pathogens were screened serologically; if reactive, the organisms were examined with the complete battery of tests for NLF isolates. Isolates of Salmonella, Shigella, and Alkalescens-Dispar were serotyped; the identity of the former two was confirmed by the North Carolina State Board of Health, Raleigh. To exclude Aeromonas spp., the spot-oxidase test (23) was performed by rubbing a loopful of growth from the decarboxylase control tube into Whatman no. 1 filter paper soaked with the reagent (tetramethyl-pphenylene-diamine HCl; Eastman Organic Chemicals). The isolates were reported as species of Enterobacteriaceae (11, 14) , unless specified otherwise.
RESULTS
A total of 1,453 isolates of E. coli, including anaerogenic biotypes (Alkalescens-Dispar), were encountered, of which 75% promptly fermented lactose (Table 2) . Forty-three E. coli isolates (2.9%) were citrate-positive. Faulty inoculation of Simmons' citrate agar slants probably accounted for the majority of false-positive results. It is possible that some of these isolates were, in fact, atypical Enterobacter cloacae (Padlewskia) (38; V. M. Young, D. M. Kenton, and B. J. Hobbs, Bacteriol. Proc., p. 106, 1968) since 16 of these organisms were lysine decarboxylasenegative and urease-negative, a finding compatible with atypical E. cloacae. The number of Shigella isolates (Table 2) was too small to warrant any comment. Thirty strains of Salmonella (serogroups B, C1, and D) were isolated during the course of this study; their biochemical reaction patterns were typical (12, 13, 15, 16) . A moderate number of Citrobacter freundii isolates were encountered; the majority of these were prompt lactose fermenters (58 %). These isolates yielded positive ornithine decarboxylase tests roughly twice as often as expected (8, 12 Table 4 . All of 115 strains of P. mirabilis that failed to swarm or that had been isolated on MacConkey agar exclusively were positive for phenylalanine deaminase and urease. Twelve ornithine decarboxylase-negative isolates of P. mirabilis (1.7%) were indole-negative and susceptible to ampicillin and cephalothin; 21 of 22 indole-positive strains of P. mirabilis were ornithine decarboxylase-positive and susceptible to these two antibiotics (J. M. Matsen, Bacteriol. Proc., p. 96, 1970), whereas the remaining isolate was ornithine decarboxylase-negative, H2S-positive, motile, and susceptible to ampicillin and cephalothin. Next in frequency were 171 isolates of P. morganii which yielded typical reactions with the exception of one phenylalanine deaminase-negative isolate (18, 32) . The sole indolenegative strain was negative for gelatin, citrate, and H2S, positive for ornithine decarboxylase, and susceptible to ampicillin and cephalothin, thus raising the question as to whether this particular isolate might have been an atypical strain of P. mirabilis. Four of 52 isolates of P. vulgaris proved indole-negative, and one isolate was negative for phenylalanine deaminase (31); all were resistant to ampicillin, and all but two were not inhibited by cephalothin. The One strain of K. ozaenae and one strain of Edwardsiella tarda were isolated during the 1-year study period.
DISCUSSION
The major aim of this study was to analyze the data obtained with different batteries of biochemical tests to determine the reliability and accuracy of the procedures with regard to the identification of enterobacterial isolates within 24 hr after isolation. An attempt was made to ascertain the minimal numbers of tests necessary to assure accurate identification of the isolates.
The data indicated that the tests employed for NLF isolates were adequate for the majority of isolated Enterobacteriaceae, with the exception of Pectobacterium. It is planned to substitute rhamnose for arabinose, in an effort further to facilitate the differentiation between E. cloacae and E. liquefaciens.
Examination of the data obtained for LF enterobacterial isolates permits the conclusion that inositol is unnecessary, as are the MR and VogesProskauer (VP) tests. One further purpose of this study was to speciate all isolates of Klebsielleae and to determine their disc susceptibility antibiograms (to be reported elsewhere). All species of Enterobacter yielded essentially identical antibiograms with the exception of atypical E. cloacae (Padlewskia); the antibiogram of this organism corresponded to that of K. pneumoniae (38) . It was decided to discontinue the speciation of Enterobacter isolates and to delete gelatin, MR, VP, and lysine decarboxylase from the battery of tests for enterobacterial lactose fermenters. Thus, our present series of tests for lactose fermenters consists of the following: H2S, motility, indole, citrate, and ornithine decarboxylase. Those LF isolates that are H2S-negative, but positive for motility, indole, citrate, and ornithine decarboxylase are regarded as possible atypical E. cloacae, false citrate-positive E. coli, or atypical C. freundii, and are subsequently examined with the NLF battery of tests. The "HOC" scheme of Wolfe and Amsterdam (40) is sound; however, the three tests (H2S, ornithine decarboxylase, and citrate) employed would fail to differentiate among occasional H2S-negative, ornithine decarboxylase-positive C. freundii, false citrate-positive E. coli, Enterobacter, and atypical E. cloacae. Thus, the inclusion of tests for indole production and motility would reduce the number of "atypical" isolates. All tube-indole negative, yet spot-indole positive after subculture to blood-agar. Both isolates were susceptible to ampicillin and cephalothin. It appears that the use of Casman's base in bloodand chocolate-agar and this particular spot-indole reagent minimized the number of false-negative results. However, if a significant number of discrepant results should occur in the future (27) , the original series of tests (H2S, motility, indole and ornithine decarboxylase) could be reinstituted.
